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© Process for removing contaminant 



© Contaminant is removed from the interior of the 
holes in the vicinity of preselected locations by etch- 
ing in a gaseous plasma wherein the sheath voltage 
is controlled in order to direct ions of the plasma to 
contact the interior of the holes in the vicinity of the 
preselected locations. 
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PROCESS FOR REMOVING CONTAMINANT 



The present invention is concerned with remov- 
ing contaminant from holes and particularly from 
holes provided in circuit boards and circuit cards. 
The present invention is especially concerned with 
removing contaminant by subjecting the article to a 
gaseous plasma. The present invention provides 
for selectively removing contaminant from the inte- 
rior of the holes within the vicinity of preselected 
locations within the holes without over-etching the 
outer edges of the hole. 

In the manufacture of printed circuit cards and 
boards, a dielectric sheet material is employed as 
a substrate. A conductive circuit pattern is provided 
on one or both of the major surfaces of the sub- 
strate. 

Multilayer cards and boards are typically con- 
structed of a number of layers of copper conductor 
patterns separated by layers of dielectric plastic. 
These structures can be produced by laminating 
techniques. 

in order to provide electrical connection be- 
tween layers, holes referred to as "through-holes" 
are provided in the circuit boards and cards and 
such are subsequently plated with an electrically 
conductive coating such as copper. 

However, in the process for producing the 
holes, invariably some amount of contaminant is 
formed within and around the edges of the holes. 

For instance, when drilling a dielectric sub- 
strate such as obtained from an epoxy material, 
what is commonly referred to as "epoxy smear" 
due to the drilling results within the hole and ar- 
ound the edges of the hole. Accordingly, prior to 
electrically plating the holes, the contaminant must 
be removed to as great an extent as possible. 
Various treatments have been suggested for re- 
moving such contaminant including subjecting the 
substrate to a gaseous plasma. However, it has 
been observed that while many gaseous plasma 
systems are effective for removing the contaminant 
within the vicinity of the edges of the holes that 
such are much less effective in removing con- 
taminant from the interior of the holes and particu- 
larly within the vicinity of the interplanes of the 
holes. 

The interplanes of the holes represent those 
locations within the holes where the copper con- 
ductor layers exist. 

One troublesome problem with plasma etching 
to remove contaminant from holes is that if the 
etching process is continued for sufficient time in 
order to remove substantial contaminant from the 
interior of the holes, then the outer edges of the 
holes due to the additional etching time become 



over-etched. These problems are particularly pro- 
nounced when dealing with holes having a rela- 
tively high aspect ratio. The aspect ratio is the 
depth of the hole relative to its diameter. 
5 The above-discussed problem, as well as one 

particular technique for overcoming the problem, is 
disclosed in U.S. Patent 4,654,115, disclosure of 
which is incorporated herein by reference. 

The present invention is concerned with a pro- 
io cess for removing contaminant from holes. 

In particular, the present invention is concerned 
with a process for removing contaminant selec- 
tively from the interior of holes in the vicinity of 
preselected locations within the holes by etching in 
rs a gaseous plasma. 

It has been found, in accordance with the 
present invention, that the ions of the plasma can 
be selectively directed to contact the interior of the 
holes in the vicinity of preselected or predeter- 
20 mined locations by selecting or controlling the val- 
ue of the sheath voltage. The sheath voltage is that 
voltage which exists outside of the hole between 
the substrate and the plasma. 

The figure is a schematic diagram of a 
25 through-hole and proximity to a plasma. 

The process of the present invention is con- 
cerned with removing contaminant from holes and 
is especially concerned with removing contaminant 
from holes provided in dielectric substrates; par- 
30 ticularly those employed for use in electronic cir- 
cuit boards and circuit cards. 

In particular, the present invention is concerned 
with removing contaminant from preselected loca- 
tions within the interior of the holes such as in the 
35 vicinity of the interplanes of the holes. It is espe- 
cially important to remove contaminant from the 
vicinity of the interplanes within the holes in order 
to assure adequate electrical connections with the 
conductor patterns located in the various layers of 
40 the cards or boards. 

Holes in various dielectric substrates including 
substrates from thermoplastic and thermosetting 
resins may be treated pursuant to the present 
invention. 

45 Typical thermosetting polymeric materials in- 
clude epoxy, phenolic-based materials, polyimides, 
and polyamides. The dielectric material may be 
molded articles of the polymers containing fillers 
and/or reinforcing agents such as glass-filled epoxy 

so or phenolic-based materials. Examples of some 
phenolic-type materials include copolymers of phe- 
nol, resorcinol, and cresol. Examples of some suit- 
able thermoplastic polymeric materials include 
polyolefins such as polypropylene, polysulfones, 
polycarbonates, nitrile rubbers, and ABS polymers. 
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Typical epoxy resins include the bisphenol A 
type resins obtained from bisphenol A and epich- 
lorohydrin, resinous materials obtained by the ep- 
oxidation of novolak resins produced from a pheno- 
lic material such as phenol and an aldehyde such 
as formaldehyde with epichlorohydrin, polyfunc- 
tion^ epoxy resins such as tetraglycidyl- 
diaminodiphenyl methane, and alicyciic epoxy res- 
ins such as bis(3,4-epoxy-6-methyl-cyclohex- 
amethyl) adipate. The most preferred epoxy em- 
ployed is of the bisphenol A type. 

Also, the resinous epoxy compositions can 
contain accelerating agents and curing agents, as 
well-known in the art. Examples of suitable curing 
agents include polyamines, primary, secondary, 
and tertiary amines, polyamides. polysulfones. 
urea-phenol-formaldehyde, and acids or anhydrides 
thereof. In additon, suitable curing agents Include 
Lewis acid catalysts such as BF 3 and complexes 
thereof. 

The dielectric substrate usually contains fillers 
and/or reinforcing fibers such as glass fibers. Such 
compositions containing fibers are usually prepared 
by impregnating the fibers with the epoxy composi- 
tion. The amount of the epoxy composition when 
combined with the fibers is usually about 30% to 
about 70% by weight and preferably about 55% to 
about 65% by weight of the total of the solids 
content of the epoxy composition and the fiber- 
glass. 

After combining with the reinforcing fibers, the 
composition is cured to the B-stage and molded to 
the desired shape, such as a sheet commonly 
referred to as a prepreg. When sheets are em- 
ployed, the thickness is usually about 0.038 mm 
(1.5 mils) to about 0.2 mm (8 mils) and preferably 
about 0.051 mm (2 mils) to about 0.076 mm (3 
mils). The curing to the B-stage is generally 
achieved by using temperatures of about 80* C to 
about 110*C and for times of about 3 minutes to 
about 10 minutes. 

After the prepreg is formed, a sheet of copper 
or other conductive material can then be laminated 
to one or more layers of prepreg using laminating 
conditions such as about 3.45 bar (50 psi) to about 
55.2 bar (800 pis), and more usually about 13.8 bar 
(200 psi) to about 34.5 bar (500 psi) at about 
150* C to about 200 *C for about 30 minutes to 
about 5 hours. Then a circuit can be etched to the 
conductive layer using techniques well-known to 
form circuit boards. Multilayer boards and cards 
are formed by laminating together the desired 
number of such boards. 

The through-holes are provided in the dielectric 
substrate and must be subsequently provided with 
an electrical conductor such as copper in order to 
provide electrical connection between circuits on 
opposing surfaces of the dielectric substrate. 



These through-holes can be provided by mechani- 
cal operations such as drilling and punching or by 
processing, such as by use of a laser. However, 
the formation of the holes results in contaminant 

5 present in the interior of the holes and around the 
vicinity of the edges of the hole which is generally 
referred to as "smear". A large portion of this 
contaminant is from the dielectric material in the 
substrate; for instance, when the dielectric is an 

to epoxy, the contaminant is predominantly epoxy 
smear. 

It is essential for reliable plating of the through- 
holes to remove as much of the contaminant as 
possible. Removal of contaminant selectively in the 
1$ interior of the holes within the vicinity of preselec- 
ted locations within the holes is accomplished in 
accordance with the present invention. The con- 
taminant is removed by etching in a gaseous plas- 
ma. 

20 Objects that are placed into a gaseous plasma 
acquire a negative bias with respect to the plasma. 
This bias causes the object to be bombarded with 
positive ions as discussed, for example, in Chap- 
man, Glow Discharge Processes , Wiley. In order to 

25 provide for the ions to contact preselected loca- 
tions within the interior of the holes, according to 
the present invention, the sheath voltage is prop- 
erly controlled so that there exists a curved path 
for the ions directed to the preselected locations. 

30 This curved path is related to the radial electric 
field between the axis of the holes and the 
preselected locations within the holes, such as the 
interplanes. The electric field is represented by the 
following known equation: 

35 

Q 

•£ = 

2ne 0 RL 

40 wherein: 

Q is the total charge of ions in the hole 

6 0 is the permitivity of free space 

R is the radius of the hole 

L is the length of the hole 

This electric field E causes the ions to curve 

towards the walls within the hole. 

In accordance with the present invention the 

sheath voltage is controlled to direct the ions of the 

plasma to contact the predetermined locations 

within the holes. 

The speed of the ions (axial velocity) must be 

such that the ions do not overshoot or undershoot 

the predetermined locations within the holes. For 
55 instance, if the axial velocity of the ions is too 
55 large, then the ions will pass through the holes 

without contacting the walls at the predetermined 

locations. If the axial velocity of the ions is too 
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slow then the ions will contact the interior of the 
hole'in the vicinity of the entrance of the holes^ 

The sheath voltage can be manipulated by 
several different techniques. Some methods of con- 
trolling the sheath voltage are controlling the RF 
power to the plasma, the frequency of the RF 
power to the plasma, providing a separate indepen- 
dent electrode in the system, and placing an ap- 
propriate voltage in it. creating a plasma difference 
between applied RF power to the plasma and RF 
power directly applied to the board or card, and 
providing electrodes into the board or card to gen- 
erate power within preselected locations within the 

h ° le whichever method is selected, the particular 
sheath voltages can be selected by persons stal ed 
in the art without undue experimentation for the 
particular conditions involved once such persons 
are aware of the present disclosure and invention. 
For instance, see Keller., et al.. "Electrical Prop- 
erties of RF Sputtering Systems". IBM Journal of 
Research and Development . Vol. 23, Number 1 
January 1 979! disclosure of which is incorporated 
herein by reference, for a discussion of sheath 
voltage and manipulation of sheath voltage. 

By manipulating the sheath voltage, a plurality 
of locations within the holes can be contacted by 
the plasma. For instance, this can be accomplished 
by scanning the voltage from one preselected loca- 
tion to the next preselected location such as by 
using a variable DC voltage source and scanning or 
changing it from one value for the first preselec ed 
location to the next value for the next preselected 

location. . . 

To facilitate understanding of the present m- 
' mention, reference is hereby made to the figure 
wherein numeral 1 represents the substrate .having 
holes (2) therein and interplanes (3) and (4) Ttte 
substrate (1) is shown located on the electrode (5) 
of the plasma generating apparatus which, in turn, 
is connected to variable DC voltage (6). Upon cre- 
ation of the plasma, a sheath voltage (7) is gen- 
erated between the substrate and plasma as shown 
by arrows (8,8). By properly varying the sheath 
voltage, such as by varying the DC voltage, the 
ions of the plasma can be made to first contact 
interplane (3) and then interplane (4). 

The present invention is especially advanta- 
geous for removing contaminant from the interior or 
relatively high aspect ratio holes, such as at least 
about 3:1 and generally at least about 9:1 . 

The sheath voltage is usually about 15 volts to 
about 750 volts and more usually about 50 volts to 
about 250 volts. 

The gaseous plasma is formed from an 
oxygen-containing gas and a fluorinated com- 
pound. The relative amounts of the oxygen-contain- 
ing gas and the fluorinated compound are selected 



so as to remove contaminant from the interior of 
the holes in the vicinity of the preselected loca- 

tl0 " S preferred oxygen-containing gas employed is 
5 oxygen per se. Suitable fluorinated compounds in- 
clude CFi. C S F 6 . CFCb. CF 3 CI. SFs. CCI 2 F 2 . and 
NF 3 with the most preferred fluorinated compound 

be ' n The F relative amounts of the oxygen-containing 
, 0 gas and the fluorinated compound will depend 
upon the specific fluorinated compound employed 
and the particular dielectric substrate matenaL 
However, the amounts can be readily determined 
without undue experimentation by merely determ.n- 
, 5 ing the maximum etch rates as a function of dif- 
ferent gas-feed compositions. Once this is deter- 
mined for a particular set of conditions, the ranges 
can then be employed as discussed herembelow. 
For instance, with CF* as the fluorinated com- 
zo pound, mole ratios of 0 2 to CF. of 60 to 90:40 to 
10 are suitable for an epoxy dielectnc substrate , fo 
this etching step. A typical ratio is about 70:30 of 
oxygen/CF*. On the other hand, in the same sys- 
tem employing CF 6 as the fluorinate d compound, 
2S the ratio of oxygen/SF 6 is about 95 to 80/5 to 20. 

This etching step of the process is usuajy 
completed within about 5 minutes to about 45 
minutes and more usually about 10-25 minutes and 
is generally carried out from about room tempera- 
30 ture to less than the degradation temperature of the 
dielectric substrate, and more usually about 50 C 
to about 130° C. The gas residence time is usually 
about 1 second to about 5 minutes, and more 
usually about 1 second to about 1 minute. 
3S The pressure employed is generally about 133 
ubar (100 millitorr) to about 665 ubar {500 mrf- 
litorr). Typical power levels are about 0.05 watts to 
about 2 watts per square centimeter of one ma,or 
surface of the dielectric substrate being treated. 
40 Plasma reactors suitableyfor carrying out the 
process of the present invention are commercially 
available and need not be discussed herein in any 
detail. Typical commercially available plasma reac- 
tors suitable for carrying out the present invention 
« are Branson IPC-Parallel Plate Reactor Model 74- 
15- in-line plasma system available from Koksau 
Applied Plasma System's plasma reactor; and 
Technics' plasma reactor. 

The process of the present invention provides 
so for selective etching of contaminant from the inte- 
rior of the holes with a minimum of unnecessary 
etchback or overetching away from the preselected 
locations within the hole. Furthermore, the present 
invention makes it possible to increase the speed 
55 of the overall process, thereby providing advan- 
tages of a commercial nature. 
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Claims 

1. Process for removing contaminant from 
holes which comprises etching said hoies in a 
gaseous plasma to selectively remove contaminant s 
from the interior of the holes in preselected loca- 
tions within said holes by controlling the value of 

the sheath voltage to direct ions of the plasma in a 
curved path to contact the interior of said holes in 
the vicinity of said preselected locations in order to w 
selectively remove contaminant therefrom without 
overetching the outer edges of the holes. 

2. Process of claim 1 wherein said ions of the 
plasma do not contact the interior of the holes in 

the vicinity of the entrance of the holes. is 

3. Process of claim 1 wherein said preselected 
locations are interplanes. 

4. Process of claim 1 wherein said sheath 
voltage is varied from a first value to a second 
value to cause ions of the plasma to contact first 20 
preselected locations within said holes and then to 
contact second preselected locations within said 
holes. 

5. Process of claim 1 wherein said gaseous 
plasma is formed from oxygen and a fluorinated 25 
compound. 

6. Process of claim 1 wherein the aspect ratio 
of said holes is at least about 3:1. 

8. Process of claim 5 wherein the fluorinated 
compound is selected from the group of CF*. 30 
C 2 F 6 ,CFCI 3 , CF 3 CI, SFs, NF 3 . and CCI 2 F 2 . 

9. Process of claim 5 wherein said fluorinated 
compound is CF*. 

10. Process of claim 1 wherein said holes are 
located in dielectric substrate. 35 

11. Process of claim 10 wherein said dielectric 
substrate in an epoxy substrate. 
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Plasma 




Sheath Voltage (7) 



Variable DC Voltage (6) 



FIGURE 1 



